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E WHPSHUDWXUHGHSHQGHQWSDUDPHWHU
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cH  HTXLYDOHQWFUHHSVWUDLQUDWH
elH'  HTXLYDOHQWHODVWLFVWUDLQUDQJH
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7KLV SDSHU GHVFULEHV WKH GHWDLOHG SURFHGXUHV IRU DVVHVVLQJ WKH FUHHSIDWLJXH FUDFN LQLWLDWLRQ IRU WKH WXEH WR
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EDVHGRQWKHFUHHSGDPDJHIRUGLIIHUHQWGZHOOSHULRGVDQGWKHIDWLJXHGDPDJHIRUWKHWRWDOQXPEHURI686'F\FOHV
$VVHVVPHQWLQSXWV
,QDFUHHSIDWLJXHFUDFNLQLWLDWLRQDVVHVVPHQWWKHIROORZLQJLQIRUPDWLRQLVUHTXLUHG
2.1. Geometry  
7KHORFDWLRQRIVXSHUKHDWHUWXEHSODWHWRWXEHZHOGLVVFKHPDWLFDOO\VKRZQLQ)LJ7KHQRPLQDORXWHUUDGLXVRI
WKHWXEHDWWKHZHOGORFDWLRQLVPPDQGWKHPD[LPXPERUHGLDPHWHULVPP7KLVJLYHVDPLQLPXPQRPLQDO
WKLFNQHVVRIPP7KHWXEHSODWHKDVDQRXWHUGLDPHWHURIPPDQGWKLFNQHVVRIPP7KHPHWDOORVVGXHWR
FRUURVLRQRURWKHUUHDVRQVDUHQRWFRQVLGHUHGKHUH
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2.2. Loading conditions  
,QWKLVDVVHVVPHQWLWLVDVVXPHGWKDWWKHERLOHULQVWDELOLW\,1GXULQJQRUPDORSHUDWLRQ123RFFXUVIROORZLQJ
UHDFWRUVWDUWXS7KHFUHHSGZHOOWHPSHUDWXUHLV&DQGWKHORQJHVWGZHOOSHULRGLVKRXUVSHUF\FOH7KH
WKHUPDOORDGVRQWKHWXEHSODWHLQGXFHGE\ERLOHULQVWDELOLW\DUHWUHDWHGDVWKHVHFRQGDU\ORDGVZKLOHWKHPRPHQWDQG
D[LDOORDGGXULQJWKHUPDOWUDQVLHQWDW68DQG6'DUHWUHDWHGDVSULPDU\ORDGVDVWKH\DUHORQJUDQJHWKHUPDOORDGV
7KHSUHVVXUHGLIIHUHQWLDOVEHWZHHQWKHVWHDPDQGJDVVXUIDFHVRIWKHWXEHSODWHDUHWKHSULPDU\ORDGV7DEOHVKRZV
WKHORDGVXVHGLQWKHDVVHVVPHQW
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5YFUHHSIDWLJXHFUDFNLPLWDWLRQDVVHVVPHQWSURFHGXUHLVEDVHGRQWKHHTXLYDOHQWVWUHVVRUVWUHVVUDQJH7KH
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03D
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2.3. Material properties 
$,6,PDWHULDOLVXVHGIRUERWKWXEHSODWHDQGWXEHV7KHWHQVLOHSURSHUWLHVRIZHOGPHWDOFDQEHWDNHQDV
WKHSURSHUWLHVRIWKHVROXWLRQWUHDWHGSDUHQWPHWDODVWKHZHOGDQGSDUHQWPHWDODUHLPPHGLDWHO\DGMDFHQWWRHDFK
RWKHUDQGWKHVLPLODUDXWRJHQRXVZHOGPHWDOKDVVKRZQWKHZHOGSRROVRIWHQVIROORZLQJZHOGLQJ7KHUHIRUHLQWKH
DVVHVVPHQWWKHZRUVWVFHQDULREHWZHHQZHOGDQGSDUHQWPHWDOVDUHFRQVLGHUHGVXFKDVIRUXQLD[LDOFUHHSGXFWLOLW\
FUHHS GHIRUPDWLRQ DQG IDWLJXH HQGXUDQFH HWF $OO WKH PDWHULDO SURSHUWLHV DUH VXPPDUL]HG LQ 7DEOH  IRU WKH
WHPSHUDWXUHVRILQWHUHVW
2.3.1. Physical properties 
<RXQJ¶VPRGXOXVRI7\SH DUH WDNHQ IURP UHI >@7KH3RLVVRQ¶V UDWLR LV WDNHQ DV >@7KH HIIHFWLYH
HODVWLFPRGXOXVLVGHILQHGLQ(T

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2.3.2. Monotonic tensile properties 
7KHORZHUERXQG\LHOGVWUHVV6\LVWDNHQIURPUHI>@
2.3.3. Shakedown factors 
7KH VKDNHGRZQ IDFWRUV.V DUH WDNHQ IURP5Y)LJXUH IRU7\SHPDWHULDO.V6\JLYHV WKH ODUJHVW
VHPLVWUHVVUDQJHIRUZKLFKWKHPDWHULDOKDVQRUDWFKHWWLQJ
2.3.4. Cyclic stress-strain properties 
&\FOHVWUHVV±VWUDLQFXUYHIRU+SDUHQWPDWHULDOLVGHWHUPLQHGXVLQJ5DPEHUJ±2VJRRGKDUGHQLQJODZLH
EVVH

¸
¹
·¨
©
§ '' '
AE
  
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2.3.5. Creep rupture  
&UHHSUXSWXUHOLYHVDUHFDOFXODWHGXVLQJWKHIRUPXODVJLYHQLQ(TUHI>@IRU+SDUHQWPDWHULDODQG(T
IRUZHOGPHWDOUHI>@
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2.3.6. Creep deformation 
&UHHSGHIRUPDWLRQVZHUHFDOFXODWHGXVLQJ5&&05FUHHSGHIRUPDWLRQODZIRU7\SHSDUHQWDQGZHOGPHWDO
UHVSHFWLYHO\EDVHGRQVWUDLQKDUGHQLQJDSSURDFK7KHFUHHSGHIRUPDWLRQODZLVYDOLGXSWRVWUDLQ
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IDWLJXHFUDFNLQLWLDWLRQDVVHVVPHQW
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2.3.7. Creep ductility 
7KHORZHUERXQGXQLD[LDOFUHHSGXFWLOLW\RI+SDUHQWPDWHULDOLHLVXVHGLQWKHDVVHVVPHQW)RU
SDUHQWPDWHULDOWKHVWUHVVPRGLILHGGXFWLOLW\H[KDXVWLRQDSSURDFK60'(LVJLYHQLQ5Y$7KHPXOWL
D[LDOFUHHSGXFWLOLW\ fH LVDIXQFWLRQRILQVWDQWDQHRXVFUHHSVWUDLQUDWH inH LH
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ZKHUHH/LVDFRQVWDQWORZHUVKHOIGXFWLOLW\DQGWKHPDWHULDOFRQVWDQWVRI WKHORZHUERXQG60'(PRGHODUH$ 
$ P P Q 4 4 DQGH/ 
UHI>@
7KH60'(DSSURDFK LVQRW UHFRPPHQGHG WREHXVHGIRUZHOGPHQWGXHWRSHQGLQJYDOLGDWLRQRI WKHDSSURDFK
7KHUHIRUHIRUZHOGPHWDOWKHPXOWLD[LDOHIIHFWRQFUHHSGXFWLOLW\LVFRQVLGHUHGXVLQJ6SLQGOHUIUDFWLRQIDFWRU
7KH UHODWLRQVKLS EHWZHHQ PXOWLD[LDO FUHHS GXFWLOLW\ DQG VWUHVV VWDWH LV JLYHQ LQ $SSHQGL[ $ RI 5 Y DQG
SUHVHQWHGEHORZ
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+HUHFRQVWDQWVpDQGqDUHGHULYHGIURPELD[LDOFUHHSWHVWV)RUVWHHOp DQGq DUHVXJJHVWHGLQ5
Y$DQGXVHGLQWKHFXUUHQWDVVHVVPHQW
2.3.8. Fatigue endurance 
7KHPHDQIDWLJXHHQGXUDQFHGDWD(TVDQGDUH WDNHQIURP>@IRU+PDWHULDO/RZHUERXQGIDWLJXH
HQGXUDQFHZDVHVWLPDWHGE\ UHGXFLQJ WKH VWUDLQ UDQJH IRUDJLYHQHQGXUDQFHE\IRUPHDQSDUHQWGDWD DQGD
IDFWRURIIRUPHDQZHOGGDWD7KHORZHUYDOXHEHWZHHQERWKDUHXVHGLQWKHFXUUHQWDVVHVVPHQW


STPSTMSTLSTK
TJTHTGTFSESDSCSBANl

 
 IRUSDUHQW



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H ' ª º « »¬ ¼
  IRUZHOG
+HUH  ORJ tS H'   CtempT q DQG    ORJ  lNN ZLWK SDUDPHWHUV $ WR 3 DUH GHILQHG LQ >@ LH
$  %  &  '  (  )  *  +  - 
. / 0 3 DQG'Ht LVWKHWRWDOVWUDLQUDQJH
2.3.9. Elastic follow-up factor 
7KHHODVWLFIROORZXSIDFWRU=XVHGLQWKHFXUUHQWDVVHVVPHQWIRUERWKZHOGPHWDODQGSDUHQWPDWHULDOLVDVVXPHG
WREHIROORZLQJWKHDGYLFHJLYHQLQ6HFWLRQRI5Y
5YROXPHDVVHVVPHQW
3.1. Elastic stress analysis 
7KHHODVWLFVWUHVVUDQJHVDUHFDOFXODWHGEDVHGRQWKHWKHUPDODQGPHFKDQLFDO)(DQDO\VHVDQGDUHVKRZQLQ7DEOH

3.2. Margin against plastic collapse 
3ODVWLF FROODSVH ZDV FKHFNHG IRU WKH SULPDU\ PHPEUDQH HTXLYDOHQW VWUHVV 3P  WKH VXP RI WKH ORFDO SULPDU\
PHPEUDQH HTXLYDOHQW VWUHVV 3/ DQG SULPDU\ EHQGLQJ HTXLYDOHQW VWUHVV 3% DQG WKH HTXLYDOHQW VWUHVV UDQJH
'3/3%4DJDLQVWWKHUHTXLUHGPDUJLQVJLYHQLQ6HFWLRQRI5YDQGVKRZQLQ7DEOH
7DEOH3ODVWLF&ROODSVH&KHFN
,WHPV 6WUHVV
03D
5 $FFHSWDQFH
&ULWHULD 03D <1
3P  6\ƍ  <
3/3%  6\ƍ  <
'3/3%4  6\ƍ  1

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,Q7DEOH6\ƍLVHTXDOWRWKHORZHUERXQGSURRIVWUHVVZKHQFUHHSVWUHVVH[SRQHQWODUJHUWKDQRUHTXDOWR,W
VKRZV WKH UHTXLUHGPDUJLQV DUHPHW H[FHSW IRU WKH HTXLYDOHQW VWUHVV UDQJHZKLFK LV DGGUHVVHG LQ WKH VKDNHGRZQ
DVVHVVPHQW
3.3. Demonstrate creep rupture endurance  
7KH UHIHUHQFH VWUHVVHV DUH FDOFXODWHG XVLQJ WKH IRUPXOD JLYHQ LQ >@ IRU DQ XQFUDFNHG F\OLQGHU VXEMHFWHG WR
SUHVVXUH PRPHQW DQG D[LDO ORDG DW & 7KH ERXQGLQJ UHIHUHQFH VWUHVV VUHI  FDOFXODWHG LV 03D 7KH
PD[LPXP HTXLYDOHQW HODVWLF VWUHVVVHOPD[ IURP WKH )( DQDO\VLV LV 03D 7KH UXSWXUH UHIHUHQFH VWUHVVV5UHI LV
03DFDOFXODWHGXVLQJWKHIRUPXODEHORZ
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8VLQJ(TVDQGWKHSUHGLFWHGERXQGLQJUXSWXUHWLPHtfLVRYHUKRXUVIRUWKHSDUHQWPDWHULDO%DVHG
RQ WKLV UXSWXUH WLPH FUHHS XVDJH IDFWRUU FDQ EH FDOFXODWHG IRU UHTXLUHG RSHUDWLRQ OLIH t DW WKH FRUUHVSRQGLQJ
UHIHUHQFHWHPSHUDWXUHTref
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3.4. Shakedown and insignificant cycles check 
6KDNHGRZQ FKHFN LV WR HQVXUH WKH DYRLGDQFH RI UDWFKHWWLQJ RU LQFUHPHQWDO FROODSVH  7KH VLPSOH FKHFN
 ysel SKdV IRU VWULFW VKDNHGRZQ DQG LQVLJQLILFDQW F\FOLQJ FKHFNV  PD[ ncyscysel SKSK d'V FDQQRW EH
GHPRQVWUDWHGIRUWKH6'FRQGLWLRQDQG6'68F\FOHZKLFKLVH[SHFWHGIURPWKHFKHFNLQVHFWLRQ+RZHYHUD
VKDNHGRZQ)(DQDO\VLVKDVEHHQFDUULHGRXWLQUHI>@DQGGHPRQVWUDWHGWKHFRPSRQHQWUHPDLQVZLWKLQWKHOLPLWVRI
YDOLGLW\E\WKHHQGRIVWDWLRQOLIH
3.5. Assessment methodologies and cycle construction 
7KHORDGF\FOHFRQVWUXFWLRQIROORZVWKHJXLGHOLQHVJLYHQLQ$SSHQGL[HV$DQG$RI5Y$W\SLFDOF\FOHLV
VKRZQLQ)LJ7KHGHWDLOHGPHWKRGRORJLHVDQGFRQVWUXFWLRQSURFHVVHVDUHGHVFULEHGEHORZ
3.5.1. Determination of strain range 
7KHVWUDLQUDQJHRIWKHILUVWKDOIF\FOHZLWKRXWFUHHSIURPSRLQWV$WR&DQGWKHVWUHVVDQGVWUDLQUDQJHVRIWKH
VHFRQGKDOIF\FOHIURPSRLQWV(DQG$ƍH[FHSWIRU3RLQW)DUHGHWHUPLQHGE\VROYLQJWKHIROORZLQJHTXDWLRQV
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ZKHUH'VHOLVWKHHODVWLFVWUHVVUDQJHJLYHQLQ7DEOHV'LVWKHGDWXPVWUHVVDVWUHVVRIIVHWDIWHUSRVLWLRQLQJLHWKH
VWUHVVUDQJHLVDGMXVWHGVRWKDWWKHH[FXUVLRQVEH\RQGHDFKRIWKH.V6\OLPLWDUHHTXDODWERWK.V6\FDQG.V6\QF
HQGVQRWLQJWKDWV'LV]HURIRUWKHKDOIF\FOHZLWKRXWFUHHSV1LVWKHVWUHVVDWWKHLQWHUVHFWLRQVDQG$LVHTXDOWR
$DQG$IRUWKHKDOIF\FOHZLWKRXWDQGZLWKFUHHSUHVSHFWLYHO\

)LJ+\VWHUHVLV&\FOH&RQVWUXFWLRQ
3.5.2. Strain volumetric correction 
7KHVWUDLQUDQJHLVHQKDQFHGE\ volH' DFFRXQWLQJIRUWKHVWUDLQUDQJHGXHWR3RLVVRQ¶VUDWLRFKDQJHQRWDFFRXQWHG
IRUGXULQJWKHHYDOXDWLRQRIWKHHODVWLFSODVWLFVWUDLQUDQJH7KHYROXPHFRUUHFWLRQLVHYDOXDWHGE\
elvvol K HH ' '    
+HUH .Y LV D IDFWRU UHODWHG WKH3RLVVRQ¶V UDWLR DQG WKH VHFDQWPRGXOXVPHDVXUHG IURP WKH F\FOLF VWUHVVVWUDLQ
FXUYHDQGGHILQHGLQ$SSHQGL[$RI5YROXPH
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3.5.3. Enhancement of strain range for weldment 
:KHQXVLQJWKHSDUHQWF\FOLFVWUHVVVWUDLQGDWDIRUWKHZHOGPHQWWKHFDOFXODWHGVWUDLQIROORZLQJWKHYROXPHWULF
VWUDLQ FRUUHFWLRQ ZDV HQKDQFHG E\ DSSO\LQJ WKH :6() )RU WKH ZHOGLQJ JHRPHWU\ SURILOH FRQVLGHUHG LQ WKLV
DVVHVVPHQWWKHZHOGZDVIXOO\SHQHWUDWHGVRWKDW5:HOG7\SHLVDSSOLHG7KLVFRUUHVSRQGVWRD:6()RI
)LJXUHVKRZVVFKHPDWLFDOO\GHWHUPLQDWLRQRIHQKDQFHGVWUDLQUDQJHRIZHOGPHQWIURPWKHSDUHQWVWUDVVVWUDLQ
F\FOLFFXUYH7KH:6()LVDSSOLHGWR'HWDIWHUYROXPHFRUUHFWLRQZLWKRXWWDNLQJDFFRXQWRIFUHHSVWUDLQLH
 ctt WSEF HHH '' '  

)LJ6FKHPDWLF,OOXVWUDWLRQRI:HOGPHQW$VVHVVPHQW3URFHGXUH8VLQJ:6()UHI>@
3.5.4. Stress relaxation during creep dwell 
$WSRLQW(WKHVWDUWRIGZHOOVWUHVVVUHOD[HVGXULQJWKHFUHHSGZHOOSHULRG7KHVWUHVVUHOD[DWLRQ'VIURPSRLQW
(WR)DQGWKHFRUUHVSRQGLQJFUHHSVWUDLQ'HFDUHFDOFXODWHGXVLQJ$SSHQGL[RI5Y(TDQGWKH5&&
05FUHHSGHIRUPDWLRQODZ(TVWR
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dt
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
+HUH  tTcc HVH LVWKHFUHHSVWUDLQUDWHDWWKHLQVWDQWDQHRXVHTXLYDOHQWFUHHSVWUDLQ cH HTXLYDOHQWVWUHVVV WKHWLPH
tDQGWKHWHPSHUDWXUHT  tTcrefRc HVH LVWKHVDPHDV  tTcc HVH EXWDWWKHFRQVWDQWFUHHSUXSWXUHUHIHUHQFHVWUHVV
ref
RV RU D VWHDG\ VWDWH FUHHS VWUHVV ,Q WKHFDOFXODWLRQ LI WKH VWDUWRIGZHOO VWUHVV LVEHORZ WKH UXSWXUH UHIHUHQFH
VWUHVV WKH FUHHSGHIRUPDWLRQ LV FRQVHUYDWLYHO\ DVVXPHG WR RFFXU DW WKH UXSWXUH UHIHUHQFH VWUHVV&UHHS UHOD[DWLRQ
GXULQJWKHVWHDG\VWDWHRSHUDWLRQLVFRYHUHGE\WKHLQVWDELOLW\FRQGLWLRQZKLFKLVFRQVLGHUHGWREHFRQVHUYDWLYH

3.6. Assessment results 
7KHDVVHVVPHQWUHVXOWV IURPHDFKVWHSEDVHGRQ WKHPHWKRGRORJLHVGHVFULEHG LQVHFWLRQDUHVXPPDUL]HGDV
IROORZ

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7DEOH&RQVWUXFWLRQRIWKHKDOIF\FOHZLWKRXWFUHHS$%&
,WHPV 5HVXOWV 8QLW
ORDGLQJF\FOH 6'68 
WHPSHUDWXUHDWWHQVLRQ  &
WHPSHUDWXUHDWFRPSUHVVLRQ  &
HQKDQFHGVWUDLQUDQJH ABC
epH'   
HQKDQFHGVWUHVVUDQJH ABC
epV'   03D
YROXPHWULFFRUUHFWLRQ ABC
volH'   
7DEOH3RVLWLRQLQJWKHUHYHUVHVWUHVVGDWXP
,WHPV 5HVXOWV 8QLW
HTXLYDOHQWVWUHVVDWSRLQW$  03D
HTXLYDOHQWVWUHVVDWSRLQW&V'  03D
HTXLYDOHQWVWUDLQDWSRLQW$  
HTXLYDOHQWVWUDLQDWSRLQW&  
7DEOH&RQVWUXFWWKHF\FOHVHJPHQWEHIRUHGZHOO&'(
,WHPV 5HVXOWV 8QLW
ORDGLQJF\FOH 68,1 
WHPSHUDWXUH  &
HQKDQFHGVWUDLQUDQJH CDE
epH'   
HQKDQFHGVWDUWRIGZHOOVWUHVVV  03D
YROXPHWULFFRUUHFWLRQ CDE
volH'   
7DEOH&DOFXODWLRQRIFUHHSVWUHVVGURSGXULQJGZHOO()
,WHPV 5HVXOWV 8QLW
ORDGLQJF\FOH ,1 
WHPSHUDWXUH  &
FUHHSVWUDLQLQFUHPHQW CH'   
6WUHVVGURSUHOD[DWLRQ
CV'   03D
7DEOH&DOFXODWLRQRIWKHKDOIF\FOHZLWKFUHHS&)$¶
,WHPV 5HVXOWV 8QLW
ORDGLQJF\FOH 686' 
WHPSHUDWXUH  &
HQKDQFHGVWUDLQUDQJH 
CFA
epH'   
HQKDQFHGVWUHVVUDQJH 
CFA
epV'   03D
YROXPHWULFFRUUHFWLRQ 
CFA
volH'   
7DEOH6XPPDU\RIWKHFUHHSDQGIDWLJXHVWUDLQV
,WHPV 5HVXOWV
WRWDOVWUDLQUDQJHIRUWKHKDOIF\FOHZLWKRXWFUHHS 
WRWDOVWUDLQUDQJHIRUWKHKDOIF\FOHZLWKFUHHS 
FUHHSVWUDLQ 
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3.7. Calculation of creep and fatigue damage 
3.7.1. Creep damage 
&UHHSGDPDJHSHUF\FOHLVFDOFXODWHGEDVHGRQWKHGXFWLOLW\H[KDXVWLRQDSSURDFK7KHFUHHSVWUDLQIURP
WKHF\FOHFRQVWUXFWLRQLVXVHGWRFDOFXODWHWKHFUHHSGDPDJHSHUF\FOHXVLQJWKHIRUPXODEHORZ
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+HUH cH LVWKHDFFXPXODWHGFUHHSVWUDLQGXULQJWKHGZHOOWLPHWK,IWKHVWDUWRIGZHOOVWUHVVLVFRPSUHVVLYHFUHHS
GDPDJHVKRXOGEH]HUR
7KH ORZHUERXQGPXOWLD[LDOGXFWLOLW\PRGHO LVXVHGIRUZHOGPHWDOXVLQJ WKH6SLQGOHU IUDFWLRQIDFWRUJLYHQ LQ
(T 7KH 60'( PRGHO (T  LV XVHG WR FDOFXODWH WKH SDUHQW FUHHS GDPDJH 7KH FUHHS GDPDJH SHU F\FOH LV
ZKLFKHYHULVKLJKHU7KHUHVXOWVEHORZVKRZWKHFUHHSGDPDJHSHUF\FOHIRUZHOGPHWDOLVERXQGLQJ

,WHPV &UHHSGDPDJH
FUHHSGDPDJHSHUF\FOHIRUZHOGPHWDO (
FUHHSGDPDJHSHUF\FOHIRUSDUHQWPDWHULDO (
3.7.2. Fatigue damage 
)DWLJXHGDPDJHSHUF\FOHLVFDOFXODWHGE\


N
d f    
+HUHN0 LV WKH IDWLJXH HQGXUDQFH WR LQLWLDWH D GHIHFW RI VL]Ha0DW F\FOLF VWUDLQ UDQJH tH'  7KH VWUDLQ UDQJH IRU
IDWLJXHLVGHWHUPLQHGE\WKHODUJHUVWUDLQRIWKHKDOIF\FOHVZLWKDQGZLWKRXWFUHHS,QWKLVDVVHVVPHQW WKHIDWLJXH
GDPDJHLVGRPLQDWHGE\WKHKDOIF\FOHZLWKRXWFUHHS(TLVXVHGWRFDOFXODWHN0


 gi NNN    
+HUHNi LV WKHQXPEHURIF\FOHV IRUFUDFNQXFOHDWLRQ DGHIHFW OHQJWKRIaiDQG LVFDOFXODWHGXVLQJ WKH IDWLJXH
HQGXUDQFHGDWD(TVDQGIRUSDUHQWDQGZHOGUHVSHFWLYHO\JLYHQLQ(T
  OQOQ  lli NNN   
NgƍLVWKHQXPEHURIF\FOHVWRJURZWKHFUDFNIURPVL]HaiWRa0N’gLVDIXQFWLRQRIWKHQXPEHURIF\FOHVIRUFUDFN
JURZWK NgDQGSDUDPHWHU0ZKLFKLVJLYHQLQ6HFWLRQRI5YLH
gg NMN  

   
ilg NNN    
NiLVLJQRUHGIRUZHOGPHQWDVVHVVPHQWZKHQSDUHQWGDWDLVXVHGLHN0=N’gDQGNg=Nl, LPSOLFLWO\DQHIIHFWRIWKH
:(57KHIDWLJXHGDPDJHSHUF\FOHRIWKHZHOGPHQWLVWKHERXQGLQJGDPDJHFDOFXODWHGIRUERWKSDUHQWDQGZHOG
PDWHULDOVDQGHTXDOVWRî
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3.7.3. Total creep and fatigue damage for crack initiation 
7KH WRWDO FUHHSIDWLJXH GDPDJHDt FDQ EH FDOFXODWHG E\ DFFXPXODWLQJ WKH FUHHS GDPDJHVDc IRU HDFK ERLOHU
LQVWDELOLW\PRGHVDVHULHVRILQVWDELOLW\WHPSHUDWXUHVDQGGZHOOSHULRGVDQGWKHIDWLJXHGDPDJHVDf IRUHDFKVHUYLFH
F\FOHLH
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+HUHnjLVWKHQXPEHURIVHUYLFHF\FOHVRIW\SHjDQGdfjDQG1MDUHWKHYDOXHVRIdfDQGN0FRUUHVSRQGLQJWRWKDW
W\SH F\FOH nk LV WKH QXPEHU RI ERLOHU LQVWDELOLW\ HYHQWV RI W\SH k DQG dck DQG ckH DUH WKH YDOXHV RI dc DQG cH
FRUUHVSRQGLQJWRWKDWW\SHRIHYHQW'XHWRWKHFRPSOLFLW\RIWKHERLOHULQVWDELOLWLHVDQGVHUYLFHFRQGLWLRQVWKHWRWDO
GDPDJHLVQRWSUHVHQWHGKHUH
'LVFXVVLRQ
4.1. Effect of cyclically enhanced creep 
7R OLPLW FUHHSGHIRUPDWLRQ UHVXOWLQJ IURP WKHHQKDQFHPHQWRI FUHHS VWUDLQVE\F\FOLF WKHUPDO ORDGV WKHFUHHS
XVDJHIDFWRU:VKRXOGEHFKHFNHGDQGLVOHVVWKDQXQLW\UHI>@:LVDIXQFWLRQRIWKHFRUHVWUHVVVFRUH5Y
6HFWLRQ  SURYLGHV DQ DSSURDFK WR GHILQH WKH FRUH VWUHVV EXW LW LV RQO\ VXLWDEOH IRU WKH VLWXDWLRQV LQYROYLQJ
FRQVWDQW SULPDU\ ORDGV FRPELQHG ZLWK VHFRQGDU\ ORDGV ZKLFK DUH ]HUR GXULQJ VWHDG\ RSHUDWLRQ 7KLV SURGXFHV
HVVHQWLDOO\WKURXJK@ KZDOOEHQGLQJVWUHVVHVDFURVVWKHVHFWLRQRILQWHUHVWGXULQJWUDQVLHQWV7KHUHIRUH)(DQDO\VLV
VKRXOGEHFDUULHGRXWIRUWKHVWHDG\VWDWHFRQGLWLRQWRREWDLQWKHFRUHVWUHVVDQGWKLVZRUNLVVWLOORQJRLQJ
4.2. Effect of elastic follow-up 
,QWKLVDVVHVVPHQWDQHODVWLFIROORZXS=RIZDVWDNHQDVSHUWKHDGYLFHJLYHQLQ5Y,QSUDFWLFHWKLVFRXOG
EHHLWKHURYHUO\RUQRQFRQVHUYDWLYH$VHQVLWLYLW\VWXG\KDVEHHQFRQGXFWHGDQGVKRZQWKHHIIHFWRI=RQWRWDOFUHHS
GDPDJHLVLQVLJQLILFDQW
4.3. Creep strain re-priming  
7RVLPSOLI\WKHDVVHVVPHQWZKLFKLVSUHVHQWHGKHUHUHSULPLQJRISULPDU\FUHHSVWUDLQLVDVVXPHGWRRFFXUIRU
WKHFUHHSFRQGLWLRQ7KLVLVFRQVHUYDWLYHDQGLQFUHDVHVFUHHSGDPDJH7KHH[LVWLQJDGYLFHJLYHQLQ>@VXJJHVWVWKH
UHSULPLQJLVRQO\FRQVLGHUHGZKHQWKHPHWDOWHPSHUDWXUHDWWKHGZHOOLVKLJKHUWKDQ&:LWKRXWUHSULPLQJWKH
FUHHSGDPDJHSHUGZHOOZLOOGHFUHDVHDV WKHPDWHULDO WUDQVLHQWVIURPSULPDU\WRVHFRQGDU\FUHHS$QLQLWLDOFUHHS
VWUDLQGXHWRWKHZHOGUHVLGXDOVWUHVVIURPWKHFRQVWUXFWLRQVWDJHVKRXOGEHFRQVLGHUHG7KLVVLJQLILFDQWO\UHGXFHVWKH
FUHHSVWUDLQGXULQJWKHGZHOO
&RQFOXVLRQV
7KLV SDSHU RXWOLQHV WKHPDMRU FKDQJHV JLYHQ LQ WKH ODWHVW UHYLVHG 5 YROXPH  SURFHGXUH IRU SHUIRUPLQJ D
FUHHSIDWLJXH FUDFN LQLWLDWLRQ DVVHVVPHQW IRU ZHOGPHQW 7KH QHZ SURFHGXUH LQWURGXFHV WZR IDFWRUV:HOG 6WUDLQ
(QKDQFHPHQW)DFWRU:6()DQG:HOGPHQW(QGXUDQFH5HGXFWLRQ:(5IDFWRU7KH:6()DFFRXQWVIRUWKHHIIHFW
RI ZHOG JHRPHWU\ DQG PDWHULDO PLVPDWFK EHWZHHQ WKH ZHOG ]RQHV DQG WKH:(5 DFFRXQWV IRU WKH UHGXFWLRQ LQ
IDWLJXHHQGXUDQFHGXH WRZHOG LPSHUIHFWLRQV OHDGLQJ WRDVLQJOHDVVHVVPHQWURXWHIRUERWKGUHVVHGDQGXQGUHVVHG
ZHOGV
7KLVSDSHUGLVFXVVHVWKHPHWKRGRORJLHVRIF\FOHFRQVWUXFWLRQDQGWKHGHWDLOHGDVVHVVPHQWSURFHGXUHVWRSHUIRUPD
FUHHSIDWLJXHFUDFNLQLWLDWLRQDVVHVVPHQWXVLQJWKHODWHVW5YROXPHIRUWKHERLOHUVXSHUKHDWHUKHDGHUWXEHSODWH
WR WXEH7\SHZHOGV7KHZHOGV DUH VXEMHFWHG WRSUHVVXUH V\VWHPPRPHQW D[LDO ORDG DQGERLOHU WHPSHUDWXUH
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LQVWDELOLW\7KHFDOFXODWLRQVGHPRQVWUDWH WKHZHOGVFDQ VXVWDLQ WKH VXEMHFWHG ORDGVZLWKRXWSODVWLF FROODSVH FUHHS
UXSWXUHDQGUDWFKHWLQJ7KHFUHHSGDPDJHSHUF\FOHRIWKHZHOGPHQWLVîIRUDGZHOOSHULRGRIKRXUVDW
WHPSHUDWXUH&DQGWKHIDWLJXHGDPDJHLVîSHUVWDUWXSDQGVKXWGRZQF\FOH
7KHF\FOHFRQVLGHUHGKHUHLVQRWUHSUHVHQWDWLYHRIW\SLFDOSODQWHYHQWVDQGLVMXVWXVHGDVDQH[DPSOH
$FNQRZOHGJHPHQWV
7KLVSDSHULVSXEOLVKHGE\WKHSHUPLVVLRQRI(')(QHUJ\*HQHUDWLRQ8.
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